Study Design: Retrospective cohort study. Objective: To evaluate differences in patient factors, procedural factors, early outcomes and safety in mutlilevel anterior cervical discectomy and fusion (ACDF) in the inpatient versus outpatient setting.
Introduction
The overall rates of cervical spine surgeries performed in the United States have shown consistent growth over the past several years. 1, 2 Simultaneously, due to low complication rates, short operative times, and moderate postoperative pain, anterior cervical discectomy and fusion (ACDF) is specifically being done increasingly in an outpatient setting. Previously authors have documented safety and maintenance of excellent outcomes in single-level ACDF surgery. 3 Given the ever increasing health care expenditure in the United States and an increasing shift toward a value-based system that emphasizes cost reduction, there is increasing pressure to perform more surgeries on an outpatient basis. 4, 5 Currently anterior cervical fusions account for up to 80% of all cervical spine surgeries performed in the United States. 6 The majority of studies that have reported on outcomes of outpatient cervical fusion surgery focus on single-level procedures. Those that have included multilevel cervical fusions have generally combined them with single-level fusions, and single-level fusions have accounted for about 60% of cases in those reports. It is our belief that there is a lack of studies that evaluate the safety and outcomes of multilevel ACDF performed in an outpatient setting. Given the fact that more of these surgeries will be performed on an outpatient basis, we feel it is important to understand which differences, if any, exist between patients undergoing multilevel ACDF on outpatient versus inpatient basis.
The purpose of our study was to describe our experience with multilevel ACDF performed in the inpatient versus outpatient setting and examine which differences exist in terms of patient and procedural factors between outpatient and inpatient multilevel ACDF, as well as identify any differences in early clinical and patient-reported outcomes (PROs).
Methods
A full institutional review board approval was obtained prior to collecting surgical data and an expedited institutional review board approval was obtained for the retrospective review and analysis of this data.
Study Design and Population
A retrospective review of prospectively collected data from a single surgeon surgical database was performed. The surgical database includes data on patient demographics, comorbidities, various intraoperative variables and post-operative outcomes. This database was queried for patients who underwent 2-level or more ACDF. Patients who underwent revision surgery or combined anterior-posterior surgery were excluded from the analysis.
Extracted Data
Selected patients were divided into 2 groups based on whether they were outpatient surgeries (ie, hospital length of stay 23 hours) or they were admitted as inpatients (ie, hospital length of stay >23 hours). Outpatient surgeries included both, those performed at an Ambulatory Surgery Center and those performed in the hospital setting having a length of stay 23 hours. Patient selection for outpatient versus inpatient performance of surgery was based on a mutual decision made by the surgeon and anesthesiologist, as well as postoperative clinical evaluation. Baseline characteristic, including demographics and comorbidities, operative data and outcomes between the 2 groups were compared.
Patient data extracted for analysis included patient age at the time of surgery, sex, body mass index (BMI), smoking status, American Society of Anesthesiologists (ASA) classification and comorbidities. Surgical data that was analyzed includes number of levels operated, estimated blood loss, procedure time (in minutes) and length of stay in the hospital (in hours). PROs that were collected preoperatively, and at 6 weeks and 6 months postoperatively include Neck Disability Index (NDI, reported as %), visual analogue scale (VAS) for neck pain and arm pain (reported on a scale of 0-10), and Short Form-12 (SF-12) Physical (PHS) and Mental (MHS) Health Scores. In addition, any complications occurring during the index hospitalization were recorded.
Evaluation for immediate postoperative dysphagia was done using clinical swallowing evaluation performed by postanesthesia care unit nursing staff. During the mandatory 5-hour observation period in the postanesthesia care unit, patients were encouraged to swallow early, and had to complete 2 swallowing tests (ie, patient has to eat twice) before being discharged. Patients were deemed to have dysphagia if the clinical swallowing evaluation confirmed that they had dysphagia, or if they required intravenous fluid hydration or tube feeding due to dysphagia.
Assessment of dysphagia was also performed in the clinic preoperatively, and at 6 and 12 weeks postoperatively using the Swallowing Quality of Life (SWAL-QOL) Questionnaire. 7 The SWAL-QOL questionnaires contains 44 items divided into various domains. Each item is given a score from 1 to 5 (worse to best). Scoring in each domain is calculated by the sum of the scores for each item in that domain expressed as a percentage of the maximum possible domain score. In addition to the domain scores, a total SWAL-QOL can also be derived by summing each domain score and dividing by 10.
The Frequency of Symptoms domain of the SWAL-QOL was used for this study. This domain contains 14 items that pertain to the frequency of symptoms such as coughing, choking when taking food or liquids, drooling etc. occurring as a result of the patient's swallowing program. Each item's response is recorded on a 5-point scale ranging from "Almost Always" to "Never." The dysphagia rate is reported as the sum of the scores for each of the 14 items in this domain, expressed as a percentage of the maximum possible domain score of 70. Thus, the final score is reported as a percentage, with a score of 100 indicating no dysphagia and a progressively lower score indicating increasing frequency and severity of dysphagia symptoms. With the use of the SWAL-QOL, there is no predetermined score that differentiates those with dysphagia from those without. Rather, the results, which are reported on a continuous scale, reflect the severity of the impact on the patient's quality of life from the patient's perspective.
Statistical Analysis
Descriptive statistics were summarized using Fisher's exact test for categorical variables, and independent-samples Student's t test was used to compare means of continuous variables.
Paired-samples Student's t test was used to analyze the change in PROs from the preoperative visit to the 6-month follow-up.
In addition, the percentage of patients experiencing an improvement greater than the minimum clinically important difference (MCID) at 6 weeks and 6 months postoperatively was calculated. The published values for MCID in patients with cervical spinal disease vary greatly depending on the population, the intervention and the method used for calculation. 8 In our study, the MCID for NDI was calculated using a weighted average (based on sample size) of MCID values reported in 4 studies [9] [10] [11] [12] that focus on patients with degenerative conditions of the cervical spine undergoing surgical intervention, which in a majority of cases was an ACDF surgery.
The MCID values reported in these studies ranged from 12.08 to 17.3, and yielded a weighted average of 14.8. For VAS neck pain and arm pain, the MCID of 2.5 reported by Carreon et al 10 was selected as the threshold. Statistical significance was defined with a P value set at <.05 and all P values were 2-tailed. All analyses were performed using the IBM Statistical Package for the Social Sciences (SPSS) version 25 (IBM Corp, Armonk, NY).
Surgical Technique
Standard ACDF was carried out through a transverse anterior approach. Disc space preparation was conducted per the operative surgeon's preference, but included curette and burr usage. Following implantation of a zero-profile device or a plate-graft construct, the wound was irrigated. Local administration of steroid was achieved by spraying 1 mL of 40 mg/mL of Kenalog directly onto the esophagus and wound bed using a standard syringe and blunt hypodermic needle. Layered closure completed the surgery.
Results
A total of 103 patients were included in this study, of whom 57 underwent outpatient procedures and 46 were treated on an inpatient basis. Of the 57 outpatient procedures, 26 (45.6%) were performed at a stand-alone Ambulatory Surgery Center and 31 (54.4%) were performed in a hospital. Patients undergoing outpatient procedures were younger (P ¼ .012), with a mean age of 52.2 + 7.5 years compared with 56.7 + 10.5 years for the inpatient group. The outpatient group comprised 33 males (57.9%) and 24 females (42.1%), whereas the inpatient group included 28 males (60.9%) and 18 females (39.1%), thus showing no significant difference in this regard (P ¼ .76). The BMI was not significantly different between the 2 groups (28.28 + 5.63 kg/m 2 in outpatients vs 29.99 + 5.36 kg/m 2 in inpatients, P ¼ .12). Seven patients in each group were smokers (P ¼ .67). Although there was no significant difference in the number of patients with diabetes (10.5% of outpatients vs 17.4% of inpatients, P ¼ .390), the difference in the number of patients with hypertension approached statistical significance (24.6% of outpatients vs 43.5% of inpatients, P ¼ .058). Additionally, a significant difference was seen in the Charlson Comorbidity Index (CCI) (1.56 + 1.45 for outpatients vs 2.26 + 1.57 for inpatients, P ¼ .021) ( Table 1) . As seen in Figure 1 , the inpatient group had an overall higher ASA class (P ¼ .002), with no patients being ASA class 1 and 11 patients being ASA class 3. In the outpatient group, 9 patients were ASA class 1 and only 4 patients were ASA class 3.
In terms of operative factors, 60% of the 2-level cases were performed as outpatient surgeries, compared with only 35% of the 3-level surgeries (P ¼ .042) ( Figure 2 ). Outpatients had significantly shorter operative times (71.26 + 12.48 vs 83.59 + 20.71 minutes in the inpatient group, P < .0001), and shorter (Figure 3) . Similarly, the VAS neck score improved from 6.16 + 2.70 preoperatively to 2.99 + 2.68 at 6 months in the outpatient group (P < .0001) and from 7.89 + 11.32 to 3.67 + 2.94 in the inpatient group (P ¼ .089) (Figure 4 ). VAS arm score also improved from 5.86 + 2.57 preoperatively to 2.82 + 2.58 at 6 months in the outpatient group (P < .0001), and from 5.78 + 2.89 to 3.67 + 2.94 in the inpatient group (P ¼ .002) ( Figure 5 ). The SF-12 PHS improved from 34.4 + 7.92 preoperatively to 39.7 + 11.38 at 6 months in the outpatient group (P ¼ .029), and from 30.11 + 8.72 to 34.73 + 10.12 in the inpatient group (P ¼ .005) ( Figure 6 ). Although, the SF-12 MHS improved in both groups, this change was not statistically significant in either group, with the score improving from 44.21 + 14.52 preoperatively to 51.10 + 11.05 at 6 months in the outpatient group (P ¼ .169), and from 44.76 + 11.74 to 48.52 + 13.56 in the inpatient group (P ¼ .064) (Figure 7) . In terms of difference in PROs between the 2 groups, preoperatively, inpatients and outpatients were similar in terms of NDI, VAS neck, VAS arm, and SF-12 MHS. SF-12 PHS was worse in the inpatient group preoperatively (30.11 + 8.72 vs 34.4 + 7.92, P ¼ .024) and this difference persisted at 6 weeks (30.79 + 6.69 vs 35.66 + 7.16, P ¼ .008) but was not apparent at the 6 months follow-up (34.73 + 10.12 vs 39.7 + 11.38, P ¼ .12). The outpatient group appeared to have better early outcomes in terms of 6-week NDI (27.97 + 17.92 vs 37.59 + 17.40, P ¼ .014), VAS neck (2.92 + 2.46 vs 4.02 + 2.51, P ¼ .044), and SF-12 PHS (35.66 + 7.16 vs 30.79 + 6.69, P ¼ .008). However, these differences did not persist at 6 months, with both groups showing similar outcomes. There were no significant differences between the groups in terms of dysphagia, as evaluated by the SWAL-QOL at 6 or 12 weeks postoperatively ( Table 3) .
As seen in Table 4 , there were also no significant differences between the inpatient and outpatient cohorts in terms of the percentage of patients achieving an improvement >MCID for NDI, VAS arm pain, and VAS neck pain at either the 6-week or the 3-month follow-up.
Discussion
Discogenic neck pain due to degenerative disc disease, including symptomatic myelopathy and/or radiculopathy, is becoming an increasingly common problem and ultimately a financial burden to the healthcare system. Since its introduction by Smith and Robinson, 13 and Cloward 14 in 1958, ACDF has become the gold standard surgical treatment for single and multilevel cervical degenerative disc disease because it results in improved clinical and radiographic outcomes. [15] [16] [17] [18] It is well-known that the current level and growth of US health care expenditure is unsustainable. 19 More so, a significant portion of this expenditure has been shown to be costineffective. 19 Thus, in recent years there has been a trend toward emphasizing and promoting value-based health care, while reducing associated costs. This emphasis on reducing health care costs has led to numerous surgeries across specialties being performed on an outpatient basis. 2 Because of relatively short operative times, moderate postoperative pain, and little need for postoperative wound care, 1-level ACDF is one of the most common spine surgeries that is currently performed on an outpatient basis. Despite the success of 1-level ACDF in the outpatient setting, concerns over increased postoperative complications, including respiratory compromise has curtailed the performance of multilevel ACDF in the same setting.
The results of our study show that patients undergoing outpatient surgery were younger, in better overall physical health, as evidenced by the lower ASA class and CCI, and had fewer levels operated. These findings are reflective of the criteria used at our institution for selection of patients for inpatient versus outpatient performance of surgery. In our practice, the decision on when to admit a patient after surgery is made mutually by the surgeon and anesthesiologist. In general, ASA class 3 or higher, BMI of >40 kg/m 2 , age >80 years, intubation time >2.5 hours, or not having a responsible adult with the patient warrant inpatient admission.
Postoperative retropharyngeal hematoma resulting in acute airway obstruction is one of the most catastrophic complications of ACDF surgery that can potentially be fatal if it is not detected and managed in a timely manner. Although these hematomas can occur up to several days after surgery, Lied et al 20 and Garringer and Sasso 21 found that all potentially life-threatening neck hematomas were detected within 4 to 6 hours of surgery. This suggests that discharge after 6-hour observation period is likely to be as safe as inpatient observation of longer duration. However, Lied et al 20 did not report the number of levels operated and Garringer and Sasso 21 only included single-level fusions. Thus, it is unknown whether a greater number of operative levels is likely to result in an increased risk of complications and warrant a longer observation period, including inpatient admission. In contrast to the studies by Lied et al 20 and Garringer and Sasso, 21 a recent report by Song et al 22 found that 33% of postoperative hematomas occurred at a median of 72 hours after surgery. However, the latter included patients undergoing ACDF due to both, degenerative and traumatic conditions of the spine. If we only consider those who underwent surgery due to degenerative pathology, the 4 postoperative hematomas occurred between 4 to 8 hours postoperatively, which is similar to prior reports.
While there have been numerous reports on 1-level ACDF on an outpatient basis, evidence for multilevel ACDF in the same setting is limited. The few studies that include outpatient multilevel fusions also include 1-level fusions, which account for a majority of the study population. 3, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] A number of large database studies, which include nationwide and state-wide data, have studied the outcomes and safety of 1-and 2-level ACDF in the outpatient setting. These include studies by McGirt et al 30 and Fu et al 31 who reported on the complications and outcomes of outpatient versus inpatient 1-and 2-level ACDF in the National Surgical Quality Improvement Program (NSQIP) database, McClelland et al 23, 32 who reported on the complications and re-admissions data of outpatient 1-and 2-level ACDF in the State Ambulatory Services Data (SASD) for New Jersey and compared it with an inpatient population undergoing the same procedure from the Nationwide Inpatient Sample (NIS) data, and Arshi et al 25 who reported in the risk of revision surgery and perioperative complications in outpatient 1-and 2-level ACDF in the PearlDiver Humana insurance records database. Consistent with the findings of our study, all these studies found that outpatient ACDF patients were younger and had fewer comorbidities than their inpatient counterparts. This finding is not surprising, given that age is a known risk factor for peri-complications in spine surgery 25, 33 and the presence of comorbidities may increase the risk anesthetic or other perioperative complications, and thus these patients are likely to be selected for inpatient procedures to allow for prolonged monitoring. Although these studies included 1-and 2-level cases in contrast to our study, which included 2-and 3-level cases, the findings of our study are consistent with the results reported by McGirt et al, 30 Fu et al, 31 and McClelland et al, 23, 32 which showed that ACDF can be safely performed in the outpatient setting, with no increase in complication rates in appropriately selected patients. In contrast, Arshi et al 25 found a greater risk of perioperative complications, including the need for revision surgeries, as well as a higher risk of postoperative acute renal failure in the outpatient setting; the reason for this concerning finding is unclear.
A few smaller studies have also reported on the feasibility and safety of 1-and 2-level ACDF on an outpatient basis 26 and in outpatient ambulatory surgery centers. 3, 24 These studies also found no increase in complication rates in the outpatient setting.
To our knowledge, only 2 studies, 3,29 with a total of 10 cases have reported 3-level ACDF being performed in an outpatient setting. While Adamson et al 3 had 6 reports of >2 levels being performed as outpatient ACDF, these cases comprised only 0.6% of their study population and hence were excluded from further analysis. Their findings for the remaining 1-and 2-level cases (with about 60% of cases being 1-level) performed in an outpatient ambulatory surgery center showed a <1% rate of surgical complications, which could be appropriately diagnosed and managed in a 4-hour postoperative monitoring window. Similar to the findings of our study, they found that the length of hospital stay, estimated blood loss, and duration of the procedure were greater in the inpatient cohort, and there was no difference in complications or surgical morbidity in either 1-or 2-level cases. Villavicencio et al 29 reported their experience with 1-, 2-, and 3-level ACDF performed on an outpatient or 23-hour observation period basis and compared their complication rates to those reported in the literature. In this study as well, about 60% of cases were single-level fusions and only 4 were 3-level fusions. While 1-and 2-level fusions were discharged after an average hospital stay of 8 hours (range 2-15 hours), all the 3-level cases were discharged after a 23-hour observation period. They found no increase in overall or hardware-related complications in these patients undergoing outpatient surgery compared to complication rates reported in the literature.
A meta-analysis 27 on outpatient ACDF also reported that nearly two-thirds of outpatient ACDFs are single-level procedures with just 0.5% extending beyond 2 levels. This study also reported a low readmission rate and complication rates comparable to inpatient procedures.
Even though the findings of our study are consistent with these reports in the literature, an important distinction is that all of these studies comprised 60% 1-level fusions, which have been shown to be safe in the outpatient setting. As a result, the low incidence of complications and readmissions can be attributed to the large number of single-level cases and may not be applicable to multi-level fusions.
Although the complication rate of 5.3% in the outpatient group and 37% in the inpatient group reported in our study is higher than the complication rates reported in the literature, a majority of these were due urinary retention, and not directly related to the procedure or hardware. In addition, retropharyngeal soft-tissue hematoma requiring reintubation was reported in only 1 patient and postoperative dysphagia was reported in 2 patients, all occurring in the inpatient group. The higher complication rate in the inpatient cohort may be attributable to baseline differences between the groups in terms of age, as well as CCI and ASA class, with the inpatient group having significantly higher scores on both these indices. In addition, there were differences in the duration of the surgical procedure and blood loss. Since patient selection for inpatient versus outpatient performance of surgery was based on surgeon preference, it is possible that the inpatient cohort had a poorer overall health and/or more complex cases, which could account for the higher complication rate and worse early PROs. Ultimately, it is critical that the patient undergoing surgery be aware and informed of all potential complications and make an informed decision as to the setting of surgery.
To our knowledge, this is the first report to focus solely on multilevel ACDF in the outpatient setting, and assess safety, outcomes and complications in these patients. In addition, no prior studies included PROs. As we move toward patientcentric value-based care, assessing patients' health status and efficacy of interventions from the patient's perspective is becoming increasingly important. Thus, incorporation of PROs in our study adds an important dimension to the analysis and interpretation of outcomes, which have thus far been limited to clinical or radiographic measures that may not necessarily reflect the patient's perspective.
Limitations
The findings of this study should be interpreted with the inherent limitations and weaknesses in mind. This study was a retrospective review of prospectively collected data and thus selection bias cannot be completely eliminated. Criteria for patient selection could not be elucidated from retrospective analysis of the data. Thus patient selection for inpatient versus outpatient procedure could have been a result of surgeon preference due to technical difficulty or case complexity, unanticipated admission following planned outpatient surgery due to intra-or postoperative complications, or other administrative factors, such as insurance or staffing concerns.
A further limitation is that patients who were included in our study cohort may not necessarily be representative of all patients undergoing this surgical procedure. In addition, all patients did not have complete follow-up, and this could be a potential source of bias as well.
Patients included in the study were limited to those with degenerative conditions of the cervical spine who underwent minimally invasive ACDF, and hence these findings may not be applicable to other populations. Additionally, although our study population included 2-and 3-level fusions, the number of 3-level cases was quite small and may not have been sufficient to assess the outcomes of interest.
Additionally, radiographic outcomes were not analyzed and their correlation with clinical and PROs was not assessed.
While outpatient surgery has been shown to be associated with lower costs, the costs associated with these procedures were not analyzed in this study, and hence the cost saving could not be directly assessed.
Conclusion
The results of our study suggest that multi-level ACDF can be performed safely in the outpatient setting without an increased risk of complications compared with the inpatient setting in an appropriately selected patient. Importantly, the setting of the surgery does not affect patient reported outcomes. However, it is critical that the patient undergoing surgery be aware and informed of all potential complications and make an informed decision as to the setting of surgery. In our cohort, patients undergoing outpatient surgery were younger and were in better overall health, as evidenced by a lower CCI and ASA class. Outpatient surgery was related to fewer levels being fused, lower estimated blood loss and shorter procedure time. Criteria typically used to select patients for inpatient admission at our institution include ASA class 3 or higher, BMI >40 kg/m 2 , age >80 years, intubation time >2.5 hours, or not having a responsible adult with the patient. Ultimately patient selection is done on a case-by-case basis and will depend on numerous factors including but not limited to patient and surgeon comfort with the surgical setting, patient demographics and comorbidities, magnitude of the procedure and surgical technique, institutional policy, social support, and access to emergency care. Thus, while our results demonstrate that multilevel ACDF can be safely done in the outpatient setting, safety and feasibility very much depend on the individual case, comfort of the care team with early discharge, and resources for emergency care and ancillary support services; appropriate patient selection and surgical technique are of utmost importance.
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